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Abstract 
Stereovision can be used to characterize of the fertilizer centrifugal spreading process and to 
control the spreading fertilizer distribution pattern on the ground reference. Fertilizer grains, 
however, resemble each other and the grain images contain little information on texture. 
Therefore, the accuracy of stereo matching algorithms in literature cannot be used as a 
reference for stereo images of fertilizer grains. 
In order to evaluate stereo matching algorithms applied to images of grains a generator of 
synthetic stereo particle images is presented in this paper. The particle stereo image 
generator consists of two main parts: the particle 3D position generator and the virtual stereo 
rig. The particle 3D position generator uses a simple ballistic flight model and the disc 
characteristics to simulate the ejection and the displacement of grains. The virtual stereo rig 
simulates the stereo acquisition system and generates stereo images, a disparity map and 
an occlusion map. The results are satisfying and present an accurate reference to evaluate 
stereo particles matching algorithms. 
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1. Introduction 
With respect to centrifugal fertilizer spreading, many factors, such as construction and 
calibration of the machinery, particle types and properties, field conditions, etc. influence the 
distribution pattern in the field (Cointault et al., 2008; Hijazi et al., 2010b; Hijazi et al., 2011; 
Van Liedekerke et al., 2009). Maladjusted centrifugal spreaders create heterogeneous 
distributions with economical and environmental consequences.  
In previous work (Hijazi et al., 2010a; Hijazi et al., 2010c), the feasibility of stereovision to 
characterize the fertilizer centrifugal spreading process and to control the spreading fertilizer 
distribution pattern on the ground was already demonstrated. Imaging systems, specifically 
stereo rig, are lately being more widely used in several domains (Ayache, 1989; Durdle et al., 
1998; Hori, 2004; Michoud, 2009). Several procedural steps are necessary in stereovision: 
camera calibration, image acquisition, image rectification, image matching and depth 
determination.  
The major task in stereo computing is image matching. Image matching is the determination 
of the correspondence between pixels of the right and left images. If matching is accurate, 
depth calculation will be accurate as well. However, image matching is difficult. Its accuracy 
depends on several factors such as image resolution, noises, texture, etc. Fertilizer grains all 
look alike and their images contain little information on their texture. As a result the accuracy 
of stereo matching algorithm in literature cannot be used as a reference for a stereo images 
of fertilizer grain. 
In order to evaluate stereo matching algorithms applied to grain images in this paper a 
generator of synthetic stereo particle images is presented. 
2. Fertilizer grain centrifugal spreading process simulator  
The grains are assumed to be spherical. The 3D particle simulator generates the 3D 
coordinates and the sizes of the particles. The output of the simulator can depend on the 
application. Since our application is centrifugal spreading particle, positions are generated 
with modeling of the process in question. 
3. Virtual stereo rig 
The pinhole model (Hartley&Zisserman, 2000) was used to simplify the camera system. 
Hence, two characteristics of cameras, pixel dimension and sensor resolution, and the focal 
length are needed to simulate a camera. The optical axes of both cameras of the stereo 
system were supposed to be parallel. Consequently,  the translation between the cameras is 
known.   
The output of the virtual stereo rig are the stereo images, the disparity map and the occlusion 
map. The procedure for the creation of both the right and the left images is as follows, 
starting with the left image.  
First, the line L are drawn from the left optical center (CL) through the center of each pixel pl. 
When the line L crosses a sphere or particle the grey level of the pixel pl (FIGURE1) 
changes. The value of the grey level is determined by a Gaussian distribution function. The 
maximum of the Gaussian function corresponds to the center of the sphere. The final value 
that is assigned to the pixel is proportional to the distance between the sphere and the 
optical center. This results in the simulated left image. 
 
FIGURE1: Illustration of the virtual image acquisition process. C is the optical center 
Next, the right image is simulated. The intersections between L and the spheres or particles 
are connected to the right optical center CR by a line LR. If LR crosses another sphere in the 
direction of CR , the pixel in the occlusion map corresponding to pl, is put to one The 
occlusion map is an image matrix of the points in the field of view that can only be seen in 
the left image. In the other case, a grey level is assigned to the pixel pr on the intersection 
between LR and the right image plane. In addition, the disparity map pixel that corresponds to 
pl is put to d=xl-xr  (xl and xr  are the abscissa of pl and pr, respectively)in the right image. 
The centers of pixels that are not assigned a grey level are connected to optical center with a 
line R. If  line R crosses a sphere then the grey level, determined by the Gaussian function 
and the distance are assigned to the pixel. The method is summarized schematically in figure 
2. 
4. Performing the simulations 
4.1  Virtual stereo rig characteristics 
The first step was to define the cameras’ characteristics. The tests were performed with 
virtual stereo system characteristics equivalent to the real set-up used during the 
measurement (Cointault et al., 2003; Villette et al., 2007). The sensor resolution and size 
were chosen in such a way that the conversions [pixels/mm] were the same in the simulation 
as for the real set-up. The virtual stereo system characteristics are: 
 Focal length: 28 mm 
 Pixel size: 12µm x12 µm  
 Sensor size: 2000x2000 pixels 
 Camera distance from the work plane: 2 m 
 Baseline (horizontal translation between cameras ): 0.15 m 
 
 
FIGURE. 2:  Graph illustrating the algorithm used to create stereo images, the disparity map 
and the occlusion map..    and    are  respectively left and right optical center.    and    are 
respectively left and right sensor pixel center.    is a line passing by     and LR & R are lines 
passing by    
4.2 Ballistic model  
The second step was to define a model that simulates the distribution of the grains. 
Therefore a simple ballistic flight model generated the grain coordinates in space. Ejection 
speed and vertical and horizontal ejection angles were determined based on values obtained 
from measurements with our experimental test set-up. The input parameters were:    
 The initial positions of the grain at ejection; 
 The ejection speed    ; 
 The vertical and horizontal ejection angles             
 The initial positions of the grains determined by the mean grain size and two 
characteristics of the centrifugal spreader:   
o The rotation speed of the spreader disk (Ω) 
o The vane length (L_vane) 
An ejected grain of mass   and velocity   is subjected to two forces, gravity and air 
resistance (Fig .3). The air resistance is assumed to be in the opposite direction of the grain 
motion              . The ballistic model did not take into account the spinning of the grains. 
 
FIGURE 3: Forces applied to a grain: v is the speed of the grain Fair is the air resistance and 
Fgravity is the gravity force. 
 
Applying Newton’s second law the motion equations were established. Thereafter, The 
algorithm of 3D grain coordinates generation is described in figure 4. 
  
 
FIGURE 4: algorithm of 3D grain coordinates generation;  is the rotation speed of the disk, 
grain_size is the size of the grain, L_vane is the length of the vane,           are the vertical 
and horizontal ejection angles,     is the mean delay between the ejection of two grains and 
    is the minimum vertical ejection speed. 
4.3 Simulation results  
The simulations were performed using parameters determined from a real centrifugal 
spreading process. FIGURE 5 shows the calculated coordinates for the following 
parameters: 
 rotation speed of the spreader disk :800 tr/min 
 vane length: 300 mm 
 minimum vertical ejection angle: 6° 
 horizontal ejection angle: 50° 
 velocity           
 
FIGURE 5 The two small circle on the top of the image represent the cameras, the circle at 
the position (0,0,0) represent the disk and the arc shaped cloud of points represent the 
centers of particles . 
Using the generated positions, the stereo synthetic images ( 
FIGURE 6) were created via the virtual stereo rig.  
 
FIGURE 6: resulting images of a fertilizer grain centrifugal spreading simulation: (a)  left 
stereo image and (b) right stereo image. (c) disparity map and (d) occlusion map. 
‎Conclusion 
We presented in this paper a particle stereo image generator. The outputs of the generator 
are the stereo images, disparity map and the occlusion map which can be used to evaluate 
the stereo matching algorithms used on stereo  images of particles.  
In future work the generator will be extended to generate images of particles in motion in 
order to evaluate 3D motion estimation methods applied on particles motion.   
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